ABSTRACT: Effects of feeding ractopamine (RAC; 5 mg/kg) to physically castrated (PC) and immunologically castrated (IC) pigs on carcass characteristics, cutting yields, and loin quality were evaluated using 285 carcasses. Male pigs were randomly assigned to sex treatments (PC and IC) at birth and fed the same nursery diets before allotment into 32 pens with 22 pigs per pen in a grow-finish barn. Pigs in the PC group were physically castrated at approximately 5 d of age, and pigs in the IC group were administered Improvest at 11 and 18 wk of age. Diet treatments (control or RAC) were initiated on study d 87. Pigs were marketed at 12 d (4.5 wk post-second Improvest dose), 19 d (5.5 wk post-second Improvest dose), and 33 d (7.5 wk post-second Improvest dose) following the start of final diet treatments. Three carcasses per pen were selected for evaluation of cutting yields and loin quality. Data were analyzed using PROC MIXED in SAS with fixed effects of sex, diet, market group, and their interaction; carcass (N = 285) was the experimental unit. Carcasses from RAC-fed pigs were heavier (P < 0.01) and had deeper (P = 0.02) loins than control-fed carcasses. Carcasses from IC pigs were similar (P = 0.22) in weight but had less (P < 0.01) fat and shallower (P = 0.02) loins when compared to PC carcasses. There were differences (P < 0.05) among market groups for carcass weights, fat depths, loin depths, and estimated carcass leanness. For cutting yields, RAC-fed carcasses had greater (P ≤ 0.03) bone-in lean and total carcass cutting yields than control-fed carcasses while there were no differences (P > 0.05) between RAC-fed and control-fed carcasses when evaluating LM color, marbling, firmness, pH, drip loss, and tenderness. Carcasses from IC pigs had greater (P < 0.05) boneless lean yields, bone-in lean yields, and total carcass cutting yields than PC carcasses. There were minimal differences (P < 0.05) in LM marbling, firmness, composition, and tenderness between PC and IC pigs. There was an interaction (P = 0.03) between sex and diet for LM composition. Control-fed PC loins had more (P < 0.01) lipid than all other treatment combinations. Market group had effects (P < 0.05) on carcass cutting yields, LM color, marbling and firmness scores, pH, purge loss, composition, and tenderness. The results from this study indicated RAC and immunological castration were additive in terms of improving carcass cutting yields while having minimal effects on pork quality.
INTRODUCTION
Ractopamine hydrochloride (RAC), commercially available as Paylean (Elanco Animal Health, Greenfield, IN) , is a β-adrenergic agonist for use in finishing swine diets. Feeding RAC increased carcass weights and muscling (Watkins et al., 1990; Stites et al., 1991; Herr et al., 2001; Armstrong et al., 2004; See et al., 2005; Apple et al., 2007; Carr et al., 2009; Kutzler et al., 2011) and increased carcass cutting yields (Bohrer et al., 2013) . Despite the effects reported on carcass characteristics and cutting yields, studies have demonstrated that feeding RAC does not influence fresh meat quality (Apple et al., 2007) .
Improvest (Zoetis, Kalamazoo, MI) is an immunological product that was developed for the reduction of boar taint in intact male pigs. Immunologically castrated (IC) pigs consistently had greater ADG and improved feed efficiency when compared to physical castrated (PC) pigs following the second Improvest dose (Dunshea et al., 2013) . Despite decreased dressing percentages (Morales et al., 2011; Boler et al., 2012) , carcasses from IC pigs were consistently leaner than PC pigs due to less carcass fat (Dunshea et al., 2001; Jaros et al., 2005; Pauly et al., 2009; Morales et al., 2011) , which ultimately resulted in increased carcass cutting yields (Boler et al., 2012) .
There are limited data documenting the effects of feeding RAC to PC and IC pigs simultaneously, though studies suggest that the effects of feeding RAC and immunological castration were additive with regard to growth performance and carcass characteristics. Feeding RAC to IC pigs increased ADG and improved feed efficiency (Rikard-Bell et al., 2009 ) while improving carcass characteristics (Moore et al., 2009 ). These studies, however, lack PC control pigs, and pigs were slaughtered at weights lighter than typical for U.S. production. Therefore, the objective of this study was to evaluate the effects of feeding RAC to PC and IC pigs in a commercial setting on carcass cutting yields and loin quality in pigs that more closely resemble typical U.S. slaughter weights.
MATERIALS AND METHODS
All animals used during for this study were cared for in accordance with University of Missouri Animal Care and Use Committee guidelines. No approval from the University of Illinois Institutional Animal Care and Use Committee was obtained for this study because carcasses were obtained from a federally inspected slaughter facility.
Animals, Housing, and Diets
Full details of live phase experimental procedures are available in Lowe et al. (2014) . For schedule of events during the study refer to Table 1 . Thirty-two pens of 22 male pigs (n = 704; PIC 337 × C-22 or 1050; Pig Improvement Company, Hendersonville, TN) per pen were used in this study. Pigs were randomly assigned to castration method (sex [PC or IC] ) at processing (5 ± 4 d of age). Pigs designated for the PC treatment were physically castrated according to normal U.S. production techniques within 10 d of birth (FASS, 2010) , whereas those designated for the IC group were left intact. Intact males were immunologically castrated by administering one dose (2 mL; subcutaneous into the postauricular region of the neck) of Improvest (gonadotropin releasing factor analog diphtheria toxoid conjugate, 0.2 mg/mL; Zoetis, Kalamazoo, MI) at 11 wk of age and another 2 mL dose at 18 wk of age (d 65 of study). All dosages were administered by people trained to administer Improvest.
Diets
From study initiation to the start of dietary treatments (d 0 to 87), all pigs were fed a step-down lysine program, but IC pigs were fed diets that were approximately 0.1% greater in standardized ileal digestible (SID) lysine than PC pigs. Feed used during the growing and finishing phases was manufactured at a commercial feed mill and delivered to the research facility. Feed was available ad libitum, addition of feed was electronically recorded, and feeders were checked twice daily by barn personnel. Diet treatments were assigned at approximately 3 wk post-second Improvest dose. Diet treatments were either a commercial finishing diet (control) or a commercial finishing diet with the addition of ractopamine hydrochloride (Paylean 9; Elanco Animal Health, Greenfield, IN) where the final concentration was 5 mg/kg of diet (RAC). Final treatment arrangement was a 2 × 2 factorial of sex (PC or IC) and diet (control or RAC) with 8 replications of each sex and diet combination. From the start of dietary treatments to the conclusion of the study (d 87 to 120), control-fed physical castrates and control-fed immunological castrates received a diet containing 12.7% crude protein (0.65% SID lysine), whereas RAC-fed physical castrates and RAC-fed immunological castrates received a diet containing 17.4% crude protein (0.95% SID lysine). Analysis of control and RAC diets were conducted by an off-site laboratory for determination of dosage accuracy. All samples were within acceptable ranges for required amounts of ractopamine hydrochloride (75 to 125% of 5 g/ton). At each diet change, feed was sampled for each treatment from randomly identified feeders, pooled by treatment, and a subsample submitted for laboratory analysis of nutrients. All nutritional values for diets met or exceeded NRC (1998) requirements. 
Slaughter
To follow commercial production practices, pigs were selected for slaughter based on ending live weight; the heaviest pigs in each pen were selected based on individual live weights and identified. Pigs were marketed at 12 d (4.5 wk post-second Improvest dose), 19 d (5.5 wk post-second Improvest dose), and 33 d (7.5 wk post-second Improvest dose) following the start of final diet treatments. For market group 1 (12 d on diet treatment), pens were standardized to 17 pigs per pen. For market group 2 (19 d on diet treatment), pens were standardized to 9 pigs per pen. All remaining pigs were marketed in group 3 (33 d on diet treatment). After selection, pigs were tattooed on the shoulders and hams for identification in the processing facility. Additionally, the three pigs closest to the pen mean of pigs being marketed were identified and tattooed on the belly and loin as well for the evaluation of carcass cutting yields and meat quality evaluations. Pigs were loaded onto commercial trucks and transported (263 km) to a USDA Food Safety and Inspection Service-inspected slaughtering facility where they were held overnight in lairage with access to ad libitum water. Pigs were slaughtered and carcasses were chilled according to industry standards. Carcass data including carcass weight, Fat-O-Meater fat depth, LM depth, and estimated percent lean were collected at harvest by plant personnel. All data presented were of the pigs selected for carcass cutting yields and meat quality evaluations.
Carcass Fabrication and Cutting Yields
Due to constraints in the commercial plant, all carcasses identified for carcass cutting yields were unable to be collected. In total, 285 carcasses were collected and used for carcass cutting yields. Of the 285 carcasses, 71 were from control-fed PC pigs, 72 from RAC-fed PC pigs, 72 from control-fed IC pigs, and 70 from RAC-fed IC pigs.
Following chilling, skin-on primals including whole shoulders (jowl, foot, and neck bones attached), loins, hams (foot attached), and bellies (spareribs left on) were collected from the left sides of carcasses. Primals were bulk packaged and transported to the University of Illinois Meat Science Laboratory for carcass fabrication and further data collection. Carcasses were fabricated according to guidelines of the Institutional Meat Purchasing Specifications (IMPS), as described by the North American Meat Processors Association (NAMP, 2007) , similar to the procedures of Boler et al. (2011) . These procedures were modified to include fabrication of IMPS#410A purchaser specified option 1 boneless sirloins and IMPS#422 backribs. Furthermore, jowls, feet, and neckbones were removed from shoulders to yield IMPS#403 pork shoulders and classified as whole shoulders. Shoulders were skinned and fat removed to yield IMPS#404 skinned shoulders. Boston butts were separated from picnics to yield IMPS#406 bone-in Boston butts and IMPS#405 bone-in picnic shoulders. Bones were removed to yield IMPS#406A boneless Boston butts and IMPS#405A boneless picnic shoulders. Boneless picnic shoulders were further fabricated to yield IMPS#405B cushions (triceps brachii).
Weights were collected on each primal piece before fabrication and subprimal cuts following fabrication. Carcass cutout data were also expressed as a percentage of HCW by multiplying the weight of the cut by 2 and dividing by the HCW. Boneless lean cutting yields were calculated using the following equation: Boneless lean cutting yield = [2 × (boneless Boston butt + boneless picnic + Canadian back + tenderloin + sirloin + light butt + knuckle + inside ham + outside ham)/HCW] × 100. Bone-in lean and carcass cutting yields were calculated according to Boler et al. (2011) . 
Pork Quality
Pork quality evaluations including pH, objective color, subjective color, marbling, firmness, drip loss, and purge loss as described by Boler et al. (2011) were conducted by trained University of Illinois Meat Science Laboratory personnel using boneless Canadian back loins (IMPS#414) cut in the area of the 10th rib to expose the loin face. Following loin face quality data collection, loins were flipped so that the loin portion adjacent to the ribs was facing up. Subjective color, marbling, and firmness scoring was conducted on the entire loin and deemed ventral side loin color, marbling, and firmness.
Following pork quality measurements, a 2.54-cmthick chop was obtained just posterior to the cut face for moisture and lipid content determination, and a 1.27-cm-thick chop was obtained for drip loss determination . Two chops (2.54 cm thick) were removed from the remaining loin portion, vacuum packaged, assigned to aging times (either 14 or 21 d), stored (2°C), and then frozen (-33°C) for determination of Warner-Bratzler shear force. Remaining loin sections were weighed, vacuum packaged in shrinkable cryovac bags, placed in a water bath (88°C) for 3 s, and stored at 4°C for 14 d to determine purge loss. Following storage, loins were removed from packages, placed on wire racks for 20 min, and weighed. Purge loss was reported as the amount of moisture lost as a percentage of initial weight.
Warner-Bratzler Shear Force
Chops for Warner-Bratzler shear force determination were removed from frozen storage, allowed to thaw (2°C) for 24 h, and cooked according to Boler et al. (2011) . Chops were allowed to cool to 25°C and 6 cores (1.27-cm diameter) were removed parallel to the orientation of the muscle fibers. Each core was sheared perpendicular to the fiber orientation using a Texture Analyzer TA.HD Plus (Texture Texhnologies Corp., Scarsdale, NY/Stable Microsystems, Godalming, UK) equipped with a WarnerBratzler shear head with a blade speed of 3.3 mm/s and a load cell capacity of 100 kg. Shear force was reported as the average of the 6 cores. Cook loss was determined by weighing chops just before and immediately following cooking. Cook loss was reported as weight lost during cooking as a percentage of pre-cooked weight.
Statistical Analysis
Data were analyzed using the MIXED procedure in SAS (SAS Inst. Inc., Cary, NC), and carcass served as the experimental unit for all analyses. Data were analyzed as a split-plot design with sex and diet combination serving as the whole plot and market group serving as the split plot. Any three-way interactions between sex, diet, and market group were separated by market group with the slice option in SAS to further distinguish treatment effects. Replication served as a random variable in all models. Cook loss and Warner-Bratzler shear force of chops were analyzed as repeated measures with identity serving as subject, age repeated, and with an unstructured covariate structure based on Akaike's (1976) information criteria. Single degree of freedom contrast statements were used to make pair-wise comparisons between treatment groups for any significant interactions. Least squares means and coefficients for single degree of freedom contrast statements were generated using LSMEANS. Normality of residuals was checked using the CAPABILITY procedure, and outliers were left in the data set unless deemed physiologically impossible. Homogeneity of variances were tested using Levene's (1960) test or Brown and Forsythe's (1974) test in the case of non-normal data using the GLM procedure in SAS. Effects were deemed significant at P < 0.05.
RESULTS

Carcass Characteristics
There was an interaction (P = 0.01) between sex and market group on carcass fat depths where IC carcasses had 2.56 mm and 1.51 mm less (P < 0.01) fat than PC carcasses at market group 1 (4.5 wk post-second Improvest dose) and market group 2 (5.5 wk post-second Improvest dose), respectively; however, IC and PC carcasses had similar (P = 0.89) fat depths for market group 3 (7.5-wk post-second Improvest dose; Table 2 ). Loins from IC carcasses were 1.36 mm shallower (P = 0.02) than those from PC carcasses. There were no differences (P = 0.68) between weights of IC and PC carcasses as well as no differences (P = 0.14) between estimated leanness of IC and PC carcasses. Carcasses from RAC-fed pigs were 1.27 kg (1.28%; P < 0.01) heavier than those from controlfed pigs. Additionally, RAC-fed carcasses had loins that were 1.26 mm deeper (P = 0.03) than those from controlfed carcasses, while there were no differences (P = 0.27) between fat depths of RAC-fed and control-fed carcasses. Carcasses from RAC-fed pigs tended (P = 0.07) to have 0.29% units greater estimated lean than control-fed carcasses. Market group 3 carcasses were 3.14 kg and 2.90 kg heavier (P < 0.0001) than market group 1 and market group 2 carcasses, respectively; however, market group 1 and 2 carcasses were similar (P = 0.22) in weight. Market group 2 carcasses had 2.72 mm deeper (P < 0.01) loins than market group 3 carcasses, which tended (P = 0.08) to be 1.29 mm deeper than market group 1 carcasses. Market group 2 carcasses were estimated to be 1.03% units leaner (P < 0.0001) than market group 1 carcasses, which were estimated to be 0.70% units leaner (P < 0.001) than market group 3 carcasses.
Carcass Cutting Yields
Shoulder cutting yields. Whole shoulders and boneless picnics from RAC-fed carcasses were heavier (P < 0.05) than those of control-fed carcasses. Market group had an effect (P < 0.05) on whole shoulder, bone-in Boston butt, boneless Boston butt, cushion, and jowl weights. Market group had an effect (P ≤ 0.03) on whole shoulders, bonein picnics, cushions, and jowls expressed as a percentage of HCW. There was an interaction (P < 0.04) between sex, diet, and market group for bone-in and boneless Boston butts when represented as a percentage of HCW (Table  3 ). In market group 2, feeding RAC increased (P ≤ 0.02) bone-in and boneless Boston butt values in PC carcasses while having no effects (P ≥ 0.36) in IC carcasses. In market groups 1 and 3, feeding RAC did not have an effect (P > 0.05) on bone-in and boneless Boston butts expressed as a percentage of HCW in either sex. Bone-in picnics, boneless picnics, and cushions from IC carcasses were heavier (P < 0.01) than those from PC carcasses. Whole shoulders, bone-in picnics, boneless picnics, and cushions from IC carcasses made up a greater (P < 0.03) percentage of HCW than those from PC carcasses Loin cutting yields. There were no significant interactions between sex, diet, and market group on any loin cutting yields in this study (Table 4 ). There were interactions (P ≤ 0.04) between sex and market group on tenderloin and sirloin weights as well as tenderloins and sirloins expressed as a percentage of HCW. Tenderloins and sirloins from IC carcasses were heavier (P ≤ 0.04) and represented a greater (P ≤ 0.02) percentage of HCW than those from PC carcasses in market group 2; however, there were no differences (P ≥ 0.22) between PC and IC carcasses when evaluating tenderloin and sirloins in market groups 1 and 3. Whole loins from IC carcasses made up less (P = 0.03) percentage of HCW than those from PC carcasses; however, trimmed loins and Canadian backs from IC carcasses made up a greater (P < 0.05) percentage of HCW than those from PC carcasses. Whole loins, trimmed loins, and backribs from IC carcasses were similar (P ≥ 0.15) in weight to those from PC carcasses. Additionally, there were no differences (P = 0.89) between backribs from IC or PC carcasses when expressed as a percentage of HCW. There was an interaction (P = 0.03) between diet and market group for effects on Canadian back weights (Table 3 ). In market groups 1 and 2, Canadian backs from RAC-fed carcasses were heavier (P < 0.03) than those from control-fed carcasses; however, there were no differences (P = 0.56) between RAC-fed and control-fed Canadian back weights in market group 3. Whole loins, trimmed loins, tenderloins, and sirloins from RAC-fed carcasses were heavier (P < 0.04) than those from control-fed carcasses. Trimmed loins, Canadian backs, tenderloins, and sirloins from RAC-fed carcasses represented a greater (P ≤ 0.03) percentage of HCW than loin components from control-fed carcasses. Backribs from market group 3 carcasses were heavier (P < 0.01) than those from market group 1 carcasses, which were heavier (P < 0.01) than those from market group 2 carcasses. Additionally, market group effected (P < 0.01) trimmed loins, Canadian backs, and backribs when expressed as a percentage of HCW.
Ham cutting yields. There was an interaction (P = 0.04) between sex and market group for trimmed ham weights (Table 5 ). Trimmed hams from IC carcasses were heavier (P < 0.01) than those from PC carcasses in market group 2; however, there were no differences (P ≥ 0.16) between trimmed ham weights of IC and PC carcasses in market groups 1 and 3. Additionally, there was an interaction (P = 0.03) between sex and market group on trimmed hams when expressed as a percentage of HCW. Hams from IC carcasses represented a greater (P < 0.01) percentage of HCW than those from PC carcasses in market groups 1 and 2. However, there were no differences (P > 0.05) between IC and PC hams when expressed as a percentage of HCW in market group 3. There were interactions (P < 0.03) between diet and market group for trimmed ham and light butt weights. Trimmed hams and light butts from RAC-fed carcasses were heavier (P ≤ 0.02) than those from control-fed carcasses in market group 2. However, there were no differences (P ≥ 0.18) between RAC-fed and control-fed carcasses when evaluating trimmed ham and light butt weights in market groups 1 and 3. Similarly, there was an interaction (P = 0.03) between diet and market group on light butts when expressed as a percentage of HCW. In market group 2, light butts from RAC-fed carcasses tended (P = 0.09) to represent a greater percentage of HCW compared with control-fed carcasses. However, there were no differences (P ≥ 0.12) between RAC-fed and control-fed carcasses in light butts as a percentage of HCW in market groups 1 and 3. Inside hams from IC carcasses tended (P = 0.07) to be heavier than those from PC carcasses. Whole hams, inside hams, outside hams, knuckles, and light butts from IC carcasses represented a greater (P < 0.05) percentage of HCW than those from PC carcasses. However, there were no differences (P = 0.33) between IC and PC carcasses for whole ham weights.
There were no differences (P ≥ 0.19) between RACfed and control-fed carcasses when evaluating whole ham and inside ham weights. Additionally, there were no differences (P ≥ 0.17) between whole hams, inside hams, outside hams, and knuckles from RAC-fed and control-fed carcasses when expressed as a percentage of HCW. Whole hams and light butts from market group 1 and 2 carcasses represented a greater (P < 0.0001) percentage of HCW than those from market group 3 carcasses, while there were no differences (P > 0.05) between market group 1 and 2 carcasses when evaluating whole hams and light butts expressed as a percentage of HCW. Trimmed hams from market group 1 carcasses tended (P = 0.09) to represent a greater percentage of HCW than those from market group 2 carcasses, while trimmed hams from market group 2 carcasses represented a greater (P < 0.0001) percentage of HCW than those from market group 3 carcasses. Outside hams from market group 1 carcasses tended (P = 0.06) to represent a greater percentage of HCW than those from market group 2 carcasses, while outside hams from market group 2 carcasses represented a greater (P < 0.01) percentage of HCW than those from market group 3 carcasses. There were no effects (P ≥ 0.49) of market group on whole ham and inside ham weights. Belly cutting yields. Whole bellies, natural fall bellies, and squared bellies from IC carcasses were lighter (P ≤ 0.02) and made up a lower (P ≤ 0.02) percentage of HCW compared with IC carcasses, whereas spareribs from IC carcasses were heavier (P < 0.01) and made up a greater (P < 0.01) percentage of HCW compared with PC carcasses (Table 6) . Market group had an effect (P < 0.0001) on whole belly weights, natural fall belly weights, and squared belly weights. There were no differences (P ≥ 0.12) between any belly components between RAC-fed and control fed carcasses on a weight basis or when expressed as a percentage of HCW. Market group had an effect (P < 0.0001) on whole bellies, spareribs, natural fall bellies, and squared bellies when expressed as a percentage of HCW.
Cutting yield equations. Overall, immunological castration and feeding RAC increased cutting yields in this study even though there were differences among market groups (Table 7) . Carcasses from IC pigs had 1.19% units greater (P < 0.001) boneless lean yields, 1.64% units greater (P < 0.0001) bone-in lean yields, and 1.32% units greater (P < 0.0001) total carcass cutting yields compared with PC carcasses (Table 7) . Additionally, RAC-fed carcasses tended (P = 0.06) to have 0.70% units greater boneless lean yields, 0.76% units greater (P = 0.03) bone-in lean yields, and 0.70% units greater (P = 0.01) total carcass cutting yields compared with control-fed carcasses. Market group 1 carcasses had boneless lean yields that were 0.73 and 1.12% units greater (P ≤ 0.02) than market group 2 and market group 3 carcasses, respectively. There were no differences (P = 0.19) between boneless lean yields of market group 2 and market group 3 carcasses. Both bonein lean yields and total carcass cutting yields were greater (P ≤ 0.01) in market group 1 carcasses compared with market group 2 carcasses, which had greater (P < 0.01) yields compared with market group 3 carcasses.
Pork Quality
There were no significant interactions between sex, diet, and market group for any fresh pork quality characteristics (Table 8 ). There was an interaction (P < 0.01) between sex and market group for loin cut surface marbling scores. For market groups 1 and 2, IC loins had approximately 0.35 units less (P < 0.01) marbling than PC loins; however, there were no differences (P = 0.17) between marbling scores of IC and PC loins for market group 3. There was an interaction (P = 0.04) between sex and market group for loin b* values. For market group 1, IC loins had reduced values (P = 0.01) compared with PC loins; however, there were no differences (P ≥ 0.18) between b* values of IC and PC loins in market groups 1 and 3. There was an interaction (P = 0.03) between sex and market group on LM lipid content. Loins from IC carcasses had less (P < 0.01) lipid than those from PC carcasses in market groups 1 and 2; however, there were no differences (P = 0.49) between lipid content of IC and PC loins in market group 3. There were interactions (P = 0.03) between sex and diet on LM composition. Feeding RAC increased (P < 0.01) LM moisture and decreased (P < 0.01) LM fat in PC carcasses while having no effects (P ≥ 0.65) in IC carcasses. Loins from IC carcasses had 0.23 units less marbling (P = 0.02), were 0.20 units less firm (P = 0.03), and tended to be 0.12 units paler (P = 0.07) than PC loins when evaluated on the ventral side of loins. When evaluating pork quality on the cut surface of loins, loins from IC carcasses were 0.16 units less firm (P = 0.03) than PC loins There were no differences (P = 0.13) between IC and PC loins when evaluating color scores. Furthermore, there were no differences (P ≥ 0.20) between IC and PC loins when evaluating L*, a*, or pH. Loins from IC carcasses had greater (P = 0.03) drip losses than PC loins, but IC loins only tended to have greater (P = 0.07) 14-d purge loss values. Only cooking and tenderness evaluations of chops aged for 14 d are presented due to there being no effect (P ≥ 0.12) of aging time on any properties measured. There were no differences (P = 0.49) between cook losses of IC and PC chops. Chops from IC had WBS values that were 0.16 kg greater (P = 0.02) than PC chops.
There were no differences (P ≥ 0.40) between RACfed and control-fed loins when evaluating ventral side color and firmness; however, RAC-fed loins tended to have 0.13 units less (P = 0.05) marbling than control-fed loins. Loins from RAC-fed carcasses tended to be 0.10 units darker (P = 0.07) and have 0.18 units less (P = 0.07) marbling than control-fed loins. There were no differ- Table 7 . Effects of physical castrate and immunological castrate finishing pigs fed either a control diet or a diet containing 5 mg/kg ractopamine-HCl (RAC; Elanco Animal Health, Greenfield, IN) and main effects of marketing group on lean cutting yields and total carcass cutting yields 1 ences (P = 0.32) between RAC-fed and control-fed loins when evaluating loin cut surface firmness. There were no differences (P = 0.16) between pH values of RAC-fed and control-fed loins. Similarly, there were no differences (P ≥ 0.11) between RAC-fed and control-fed loins when evaluating L* and a* values; however, RAC-fed loins had b* values that were 0.24 units lesser (P = 0.03) than control-fed loins. There were no differences (P ≥ 0.44) between RAC-fed and control-fed loins when evaluating drip loss, 14-d purge loss, chop cook loss, and chop WBS. For market group effects, market group 2 loins were darker (P < 0.001) than market group 3 loins, which were darker (P < 0.0001) than market group 1 loins when evaluated on the ventral side. Additionally, market group 1 loins had more (P = 0.02) marbling than market group 3 loins when evaluated on the ventral side; however, there were no differences (P ≥ 0.38) between market group 2 loins and any other market group. When evaluated on the cut surface, market group 2 loins were darker (P = 0.04) than market group 3 loins, whereas there were no differences (P ≥ 0.17) between color of market group 1 loins and those from any other market group. Market group 3 loins were firmer (P ≤ 0.01) than both market group 1 and 2 loins, whereas there were no differences (P = 0.70) between firmness of market group 1 and 2 loins.
Market group 3 loins had L* values that were 1.51 units greater (P < 0.001) than market group 1 loins, which were 1.42 units greater (P < 0.001) than market group 2 loins. Market group 3 loins had a* values that were 0.75 units greater (P < 0.0001) than market group 1 loins, which were 0.35 units greater (P < 0.05) than market group 2 loins. Market group 3 loins had pH values that were 0.11 units greater (P < 0.0001) than market group 2 loins, which had values that were 0.03 units greater (P = 0.01) than market group 3 loins. There were no market group effects (P = 0.54) on drip loss values; however, market group 1 loins had greater (P < 0.01) 14-d purge losses than market group 2 loins, which had greater (P < 0.0001) losses than market group 3 loins. Market group 1 loins had more (P < 0.0001) moisture than market group 2 loins, which had more (P < 0.0001) moisture than market group 3 loins. There were no effects (P = 0.24) of market group on cooking losses; however, market group 1 chops had greater (P < 0.001) WBS values than both market groups 2 and 3 chops, whereas there were no differences (P = 0.98) between WBS values of market groups 2 and 3 chops.
DISCUSSION
The lack of interactions between immunological castration and RAC feeding on carcass characteristics and cutting yields supports the hypothesis of that these technologies were additive while having little to no impact on fresh pork quality. When evaluated across all three market groups, RAC-fed IC carcasses had 7% less fat, 1.9% units greater boneless lean yields, 2.4% units greater bone-in lean yields, and 2.0% units greater total carcass cutting yields when compared to control-fed PC carcasses. These findings were comparable to results of others reporting similar results on carcass composition when evaluating feeding RAC to IC pigs (Moore et al., 2009; Rikard-Bell et al., 2009 ). However, those carcasses were approximately 20 kg lighter than those in the present study (Moore et al., 2009; Rikard-Bell et al., 2009 ). In contrast, there have been no documented studies evaluating feeding RAC to PC and IC pigs simultaneously on carcass cutting yields and fresh meat quality.
The RAC-induced increase in carcass weights, muscling, and cutting yields found in the present study were comparable to those of others (Watkins et al., 1990; Stites et al., 1991; Herr et al., 2001; Armstrong et al., 2004; See et al., 2005; Apple et al., 2007; Fernández-Dueñas et al., 2008; Carr et al., 2009; Kutzler et al., 2011; Bohrer et al., 2013; Hinson et al., 2012a Hinson et al., , 2012b . Feeding RAC increased boneless lean, bone-in lean, and carcass cutting yields by 0.70, 0.76, and 0.70% units, respectively. Although these results of feeding RAC on cutting yields were less than those reported by Bohrer et al. (2013) , the findings from the present study were within the 95% confidence intervals that Bohrer et al. (2013) reported. Changes in carcass composition and carcass cutting yields were expected due to the increased protein synthesis and lean accretion associated with RAC feeding (Adeola et al., 1992; Crome et al., 1996; Mersmann, 1998) . Additionally, the finding that RAC had no impact on fresh pork quality were in agreement with others who have reported no differences between control-fed and RAC-fed loins in terms of pH (Stites et al., 1994; Rincker et al., 2005; Patience et al., 2009) , marbling scores (Armstrong et al., 2004; Carr et al., 2009 ), firmness scores (Leick et al., 2010) , drip loss , and tenderness (Stites et al., 1994) .
The findings in the present study where IC carcasses had less fat and increased cutting yields were comparable to those of others who reported similar results (Pauly et al., 2009; Boler et al., 2011; Boler et al., 2012) . Changes in carcass composition were expected as IC pigs spend the majority of production as boars that characteristically had a greater lean:fat deposition when compared to PC pigs (Dunshea et al., 2001; Morales et al., 2011) . Change in composition was also evident when evaluating LM lipid content where PC loins regularly have more lipid than IC loins (Boler et al., 2012) . However, similar to the findings in the present study, Boler et al. (2012) reported that lipid content of IC loins increased as time after second dose increased from 4 to 6 wk. Although IC loins had significantly greater WBS values than PC loins in the present study, the differences in magnitude were only 0.16 kg. Others have reported no differences in LM tenderness after 14 d of aging (Batorek et al., 2012; Boler et al., 2012) .
Although RAC and immunological castration had little impact on pork quality in the present study, there was variation in pork quality, especially tenderness, between market groups within population. There was limited data available evaluating the effects that market group has on pork quality. As pigs were marketed in a commercial setting, stocking density changes due to removal of heavier pigs, and growth (ADG) has been understood to be directly related to stocking density (DeDecker et al., 2005) . This change in ADG, and possibly compensatory growth, of pigs in later market groups could be the cause for the changes observed when evaluating cutting yields and tenderness seen in the present study.
In conclusion, both immunological castration and feeding ractopamine improved carcass characteristics and increased carcass cutting yields while having minimal to no effects on fresh pork quality. Furthermore, the two technologies were additive and only further improved carcass characteristics and increased cutting yields when used together. It was important to understand the variation between market groups in terms of pork quality, specifically tenderness, and further research is needed to fully investigate such variations.
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